In this paper, we studied a problem about the world's water especially the present situation of water resources through Analytic Hierarchy Process (AHP). According to AHP, we build a main model called Water Supply Capacity, and set up two auxiliary model which are called Sewage Disposal Model and the Grey Forecast Model. The Water Supply Capacity Model indicates a measure method about water supply capacity among a region. The Grey Forecast Model is used to do the fitting and prediction to coordinate our study. Finally, we designed a formula to evaluate the water supply capacity and drew some conclusions about how to relief the drought in China. Those models include many factors, such as time, rainfall, groundwater, surface water, administration and so on. Meanwhile, all the data used in our paper are derived from reliable way, such as National Bureau of Statistics of the People's Republic of China. So that our model is credible and practical.
Introduction
As a crucial resource, water, everyone cannot leave it for more than 3 days. Nowadays, the water consumption increase rapidly, as a result, problems of water, including water pollution, recycle or sea water desalination have become a world focus point, and this topic relates to everyone living on the earth, after all, we are all members of the global village and we should not take the nature resources for granted forever.
By setting up an algorithm through Analytic Hierarchy Process (AHP), we built a main model which called Water Supply Capacity. To assist the study, we set up two auxiliary model which are called Sewage Disposal Model and the Grey Forecast Model.
Firstly, the Water Supply Capacity Model indicates a measure method about water supply capacity in China. Combing with the historical data of China which are quoted from authoritative governmental web sites such as National Bureau of Statistics of the People's Republic of China, we got the factors which make influence on the water supply ability and finally got the conclusions.
Then, we set up Sewage Disposal Model which help improve the situation about water scarcity. Meanwhile, we use the Grey Forecast Model and do the fitting and prediction to coordinate our study. Finally we draw some conclusions about Water and Climate Change in China.
In those models, we consider many factors including time, rainfall, groundwater, surface water, administration and so on into account. So that our model is comprehensive and practical.
Model One: Water Supply Capacity
Problem of water resources is a complex decision problem, however, the analytic hierarchy method of T. L. Saaty has strong practicality and effectiveness in dealing with such complex problems. It is applied extensively in many fields all over the world. So we use it to build our model, and the introduction of this analysis method is as follow.
Water supply capacity is a complex problem which involve many factors, and these factors are related to each other, so we do some necessary assumptions as follows:
We assuming that factors which affecting the water supply capacity can be divided into 6 layers, and each layer is not affected by each other or the effect is negligible. One layer will influence or dominate the adjacent layer. According to the analytic hierarchy process, we simplify the model of water supply capacity into the following hierarchy as in Figure 1 and in table 1. Figure 1 shows the model structure diagram. Water The structure is divided into four layers, each layer of the symbol represents the meaning of the subsequent. The following are examples. b1, b2 is the weight distribution of factor C and factor D about B, counted as b = (b1, b2), it is used to reflect the ratio of time about factor C, factor D in layer thre..and so on. x11, x22, x33, g11, h11, h33, y11, y22, y33 in the lowest level, indicated that the scores of each factor in the evaluation. Finally, the value of the water supply capacity is obtained to indicate the size of the water supply capacity.
An assessment model for intermediate factor time B:
(1) The S▽ indicate SB, SC, SD, SE, SF, SG, SH, SX, SY. △ indicate b i , c i , d i , e i , f i , g i , h i , x i , y i which at the corresponding S▽. △ indicate b ii , c ii , d ii , e ii , f ii , g ii , h ii , x ii , y ii which at the corresponding S▽. ∴Water supply capacity is:
At this point, we have set up an AHP model which can measure the capacity of water supply. At steps after this we only need to ensure the weight vector a, b, c, d, e, f, g, h, x, y (maybe can organize experts for scientific demonstrations). But here we just search some data from reliable website and do some simplified calculation to estimate regional water capacity.
Auxiliary: Do the Fitting and Prediction

Surface Water Condition
Raw data [2] :
Fitting curve and forecast: (2)
Ground Water Condition
Raw data [2] : Fitting curve and forecast: According to the formula and the figure.3, we can predict that the ground water will become 7900.68 billion cubic meters in China in the year of 2029.
When t = 2014 +15 =2029, then x11(2029) = x ଵଵ × ቂ 1 + ୷ሺ୲ሻି୷ሺଶଵସሻ ୷ሺଶଵସሻ ቃ =74.4
(3)
Domestic Water Condition
Raw data [2] : Fitting curve and forecast: According to the formula and the figure.4, we can predict that the ground water will become 941.474 billion cubic meters in China in the year of 2029.
When t = 2014 +15 =2029, then y11(2029) = y ଵଵ × ቂ 1 + ୷ሺ୲ሻି୷ሺଶଵସሻ ୷ሺଶଵସሻ ቃ = 67. 5 (4)
Industrial Water Condition
Raw data [2] : Fitting curve and forecast: According to the formula and the figure.5, we can predict that the ground water will become 230.65 billion cubic meters in China in the year of 2029.
When t = 2014 +15 =2029, then y22( 2029 ) = y ଶଶ × ቂ 1 + ୷ሺ୲ሻି୷ሺଶଵସሻ ୷ሺଶଵସሻ ቃ = 94.6 (5)
Population Condition
Raw data [2] : Fitting curve and forecast: year Population trend curve
Model Two: The Grey Forecast Model
This model is a perfect one which only use a small scale of data but predict a precise future condition. So we use this model to predict some data in 2029 such as the agricultural water consumption in 2029.
We have an original sequence and we define it as: (9) The sequence(X(1))satisfies the following ordinary differential equations:
(10) And the solution of the equation is:
(11) In which, the parameter a and u can be figured out in the following way: We define:
(12) In which:
Finally, we restore and get the value of X ାଵ ሺሻ by repeating decreasing:
(15) So, our conclusion is: On the basis of the first question, we take the time increment of each assessment amount over time. Then we can get the water supply capacity in 15 years later: 72.64.
From the data about the water supply capacity in 15 years later, we can see that this country's water situation have a little improve, however, it's capacity of water supply is still not sufficient. Combing the conclusions above, we can learn that the population, domestic demand and agriculture demand have some increase, which prevent this country from promote the water supply capacity. However, the surface water and ground water have some improve and industrial demand decline, those factors improve the water supply capacity. Thus, finally, the water supply capacity improved a little and do well for their citizen's life.
Model Three: A Sub Model of Model One
The basic data are: Per capita land area, the bar chart see figure 8 . Surface water, raw data and fitting curve see figure 2 . Groundwater, raw data and fitting curve see figure 3 . Domestic water, raw data and fitting curve see figure 4 . Industrial water, raw data and fitting curve see figure 5 . Population, Raw data and fitting curve see figure 6 .
Through AHP's pair comparison matrix, we get the matrix of every level: , when t(year)=0: SA = 70.1 From the above calculation we can see that the value of natural factors and social factors were 50.4, 25.3, respectively, it illustrates that the natural factors accounted for the larger proportion, and natural factors corresponding to the physical scarcity, social factors corresponding economic scarcity.
Through physical and economic scarcity, we use the model simplified we have established, get the following sub models to analyze the specific reasons for the physical scarcity and economic scarcity, respectively. Then we use the same pair comparison matrix to get Feature value and weight vector, through Consistency checking, and we get two weight vectors.
weight vectors： ξ ଵ = {0.229, 0.345, 0.426}, ξ ଶ ={0.157, 0.250, 0.594} They represent respectively the weight of rainfall, groundwater, surface water of physical scarcity and the weight of Administration, facilities, Human factors of economic shortage.
Our conclusion is that: Physical scarcity have a higher proportion than economic scarcity toward the problem of water shortage. In the physical scarcity, surface water is the leader factor, and the rainfall just follow the surface water, then the ground water is the lightest one. Meanwhile, in the economic scarcity, human factor is the leader one, and the facility just follow the human factor, then the administration is the lightest one.
Let combine the weight of nature element and social element: c = {0.667, 0.333}, we can get a six dimensional vector: η ଵ =ξ ଵ *0.667, η ଶ =ξ ଶ *0.333. So: ξ={ξ ଵ , ξ ଶ }={0.153, 0.230, 0.284, 0.052, 0.083, 0.198}. Those numbers in the vectors above respectively correspond with groundwater, rainfall, surface water, administration, facility and human factor. So, we can give the conclusion that surface water occupy a major proportion and administration have lightest situation.
Let's compare this circumstance with Chinese present actual situation as follow: China is a country which is water shortage, frequent flood disasters and drought, if we consider the total amount of water resources, China ranks sixth in the world. Whereas, our country has a large population, if calculated according to the per capita volume of water resources, Chinese per capita consumption is only 2500 cubic meters, about a quarter of the world average per capita water, in the world row the 110.
From now on we can see that our model can reflect the fact that the proportion of physical scarcity is larger than that of economy. It is also able to accurately simulate the water supply capacity and the degree of water shortage in a country.
Model Four: Sewage isposal Model
Assume that the pollution of a certain area has nothing to do with other areas, the cost of pollution control in a certain area is only related to the degree of pollution, and the recycling of water is proportional to the efficiency of pollution control.
Setting variable as: y ୩ is Benefits of k regional water pollution cycle treatment. λ ୩ is k regional pollution levels, the greater the value, the higher the efficiency. ρ ୩ is k regional governance costs, the higher the cost, the lower the efficiency. I ୩ is k region's natural recovery capacity, the higher the ability to recover, the same input to achieve greater efficiency. σ ୩ is k regional governance investment funds. T ୩ is k regional per capita GDP index, the higher the index, the higher the efficiency. β ୩ is water cycle utilization coefficient. u ୩ is population index, the greater the population, the more necessary for water pollution treatment and recycling. α ୩ is the water supply capacity of the region k, the lower the capacity, the more necessary water pollution treatment and recycling. y ୩୫ୟ୶ is maximum benefit. σ ୫ୟ୶୩ is maximum benefit corresponding to input cost.
The formula and basic data are as follow: The formula and basic data are as follow: Water cycle utilization coefficient
Benefit y ୩ :
The curve by MATLAB, showing the relation between β ୩ and y ୩ as in figure 9. We get six sets of data through National Bureau of Statistics of the People's Republic of China, as in table 2.
Conclusions
Based on our measure model, we got the water supply capacity of different regions. And then we draw up a water transfer plan as well as a sewage disposal plan. The Sewage Disposal plan aims to solve the pollution problems of the typical region according to the water supply capacity and the relationship between investment and profit. More specifically, we use our plan to obtain greatest reward with minimal investment.
To some extent, as for The Sewage Disposal plan, it purifies the polluted water in a dynamic way to improve the water supply capacity of a region. It takes account for the cost as well as the population. In a word, the second plan improves the living standards of the local people and the ecological environment.
The strengths are that we take account for many factors and make the best of the measure model. And our plan can get greatest reward with least investment. The Sewage Disposal plan can control water pollution within the region which accept water. That is, this plan have mutual positive effect.
The weaknesses are that our water transfer and sewage disposal models do not have adequate statistics.
Summary
In this paper, we draw some conclusions about how to judge the water supply capacity in a region and how to make a plan that can relieve the drought in a country by the formula we provided. Not only do we give some scientific and reasonable models, but also we show readers an example around how to analyze and make a plan. Thus, those conclusions above will have good influence on some institutions which focus on water resources reasonable utilization or ease the water tension.
